Immunologically immature and compromised hosts are most at risk of suffering tissue injury due to cytomegalovirus (CMV) infection. Congenital infections usually produce the severest sequelae (15, 23, 27) . Natal infections occur more commonly, but are usually asymptomatic (9, 14, 18) , although long-term excretion of virus and protracted pneumonitis have been reported (22, 28) . Infections of immunocompetent adults are almost always asymptomatic, and when a clinical syndrome results, such as CMV mononucleosis, the prognosis is good. Thus, stimulating or accelerating the maturation of immune functions may be useful in modulating the effects of natal CMV infections.
Although beneficial effects of interferon (IF) as an antiviral therapeutic agent in symptomatic CMV patients have not been demonstrated (1, 7) , the encouraging prophylactic use of IF in transplant patients (3) suggests that CMV infections may be amenable to this treatment. However, large quantities of high-titered preparations must be used to demonstrate the antiviral properties of IF. The potential side effects of large doses of IF have not been adequately defined. In newborn mice, multiple injections of high-titered IF may cause glomerulonephritis and death (10) . Furthermore, large doses of IF are likely to be immunosuppressive, whereas low doses tend to be immunoenhancing (2, 21, 24) .
Murine CMV (MCMV) infection in neonatal mice results in retarded physical growth and temporary immunodepression (5) . Using this model, we have tested the value of prophylactic administration of a small dose of IF on the course of natal CMV infection.
MATERIALS AND METHODS
Cell cultures. Primary mouse embryo cell cultures were prepared from 17-or 18-day-old CD-1 embryos.
Secondary cultures were grown in 35-mm-diameter petri dishes (Falcon Plastics, Oxnard, Calif.) and maintained in Eagle minimum essential medium supplemented with 2% fetal calf serum, 135 mg of NaHCO3/ 100 ml, and 100 jLg of streptomycin and 100 IU of penicillin/ml; cell cultures were held in a humidified 5% CO2 atmosphere at 37°C.
Viruses. The Smith strain of MCMV was passaged four times, and the Indiana strain of vesicular stomatitis virus was passaged twice in mouse embryo cell cultures to prepare working stocks. Viral titers were determined by plaque assay in mouse embryo cell cultures by a conventional method (12) . Plaques were counted with the aid of a dissecting microscope.
Mice. CD-1 mice were bred locally as previously described (5) in the follicles. Large lymphocytes, lympho-pulp, although active germinal centers were not blasts, macrophages, and cytolytic foci were observed. The pattern differed considerably prominent in broad marginal zones and the red from that noted in control spleens (Fig. la, b By day 28, the cell-stimulatory effect of MCMV was less marked. Follicles were smaller with fewer large lymphocytes, but some of the follicles had active germinal centers with clusters of lymphoblasts. Large lymphocytes, lymphoblasts, and macrophages were less numerous in the red pulp.
Ten units of IF i.p. partially inhibited the proliferative response to MCMV. At day 12, follicles were smaller with fewer large lymphocytes and lymphoblasts. Small lymphocytes constituted more of the cell population of the red pulp, and there were fewer large lymphocytes, lymphoblasts, macrophages, and cytolytic foci (Fig. lc) . By day 28, follicles were unchanged in size but had more prominent marginal zones and small active centers containing lymphoblasts and foci of cytolysis. The red pulp was more congested, and small lymphocytes predominated. There was even less evidence of a proliferative response to MCMV at days 12 and 28 in mice that received 5,000 U of IF i.p.
The splenic pattern at day 12 differed in infected mice given 10 U of IF s.c. rather than i.p., with follicles being smaller and with narrower marginal zones. However, large lymphocytes, lymphoblasts, and macrophages were more prominent in the red pulp, which also contained
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When 5,000 U of IF was given s.c. before MCMV, there were, at day 12, increased numbers of large lymphocytes and lymphoblasts in the follicles and in marginal zones, some ofwhich had cytolytic foci with macrophages and polynuclear leukocytes. Large lymphocytes were diminished in the red pulp, which had fewer cytolytic foci than were noted after 10 U of IF s.c. These changes suggest a less protective effect of IF given s.c. versus i.p. The protection evident after 5,000 U of IF given s.c. was comparable to that observed when 10 U of IF was given i.p.
IF alone produced distinctive changes in the neonatal mouse spleen. The spleens of mice that received 10 U of IF i.p. were markedly enlarged on day 12, containing numerous large lymphocytes in the follicles, marginal zones, and red pulp. Many marginal zones had small foci with macrophages and karyorrhexis (Fig. ld) . For comparison, the cellular pattern at 12 days after 10 U of mock IF was essentially normal (Fig.  la) .
The differences between spleens of mice given IF i.p. and those of mice given mock IF i.p. were even more marked at day 28. The former were enlarged and had enlarged follicles with strikingly active centers, numerous lymphoblasts, and foci of cytolysis and karyorrhexis. In the follicles and broad marginal zones, there were also many large lymphocytes and macrophages. The white pulp encroached upon the red, in which there were now more large than small lymphocytes. The appearance of active centers with lymphoblasts in the follicles was more pronounced after injection of 10 U of IF i.p. than after 5,000 U. The spleens of mice given mock IF i.p. appeared normal in size, showing essentially no proliferative activity at day 12 and moderate activity at day 28. Lymph nodes. A marked stimulation of lymph nodes characterized by enlargement and a preponderance of large lymphocytes and lymphoblasts over small lymphocytes was observed at 12 days in MCMV-infected mice that received mock IF i.p. (Fig. 2a) (Fig. 2b ). There were fewer large lymphocytes, macrophages, and cytolytic foci. Additional protection at 12 days was evident after treatment with 5,000 U of IF; an even more normal pattern was seen at day 28 when 5,000 U of IF preceded MCMV challenge. By day 28, there was little proliferative activity, and morphological maturation appeared normal with occasional compact germinal centers in the cortex, surrounded by many small lymphocytes; there were few cytolytic foci and few polynuclear leukocytes.
When 10 U of IF was given to infected mice s.c. rather than i.p., there was little evidence of a protective effect. There were cortical foci of cytolysis and karyorrhexis, fewer small lymphocytes, and increased numbers of large lymphocytes and macrophages.
IF administered alone had a stimulatory effect on lymphocytes in the lymph nodes at day 12, almost matching that observed in the spleen. Maturation, including the development of follicles, was even more accelerated by 5,000 than 10 U of IF i.p.
Thymus. In contrast to spleen and lymph nodes, cell populations in the thymic cortex and medulla were little changed by MCMV infection. After IF alone, at 12 days after injection of 10 U i.p., the cortex had increased numbers of large lymphocytes. After 5,000 U of IF i.p., the proportion of large to small lymphocytes was similar, but there were cytolytic and karyorrhectic foci in the cortex.
Salivary glands. The mixed or seromucous type of salivary gland was the most severely affected by MCMV, and the serous cell types showed more evidence of injury than did mucusproducing cells. The changes in serous cells ranged from loss of cytoplasm and obliteration of the gland lumen to necrosis with replacement of the tissue by infiltrating mononuclear cells. Cellular infiltration and moderate edema of the interstitium commonly accompanied evidences of glandular injury. Irrespective of the degree of injury, neither nuclear nor cytoplasmic inclusions were noted.
The protective effect of 10 MCMV injury was evident, with irregular reduction of cytoplasm and secretion content of the acinar cells and mononuclear cell infiltration of the interstitium and the pancreatic islets. Protection was afforded by prophylactic administration of 5,000 U of IF, with i.p. inoculation being more effective than s.c. (Fig. 3) (Table 2 ). In contrast to liver and spleen, the amount of virus recovered from salivary glands continued to increase, by day 28 reaching 108 to 109 PFU per g of tissue. Injury to salivary glands did not, interestingly, parallel the increase in virus titers; high titers were found in specimens with minimal virus-related injury. The effect of IF on recovery of virus was most pronounced through the first 12 days in mice that received IF i.p.
MCMV was not isolated from specimens obtained from uninfected controls.
Antibody levels. Anti-MCMV antibodies were detected through 12 days of age in 8 Interferon may potentiate cytotoxic lymphocytes (8, 20) . Cytotoxic cells were described during MCMV infection, with their appearance preceded by high levels of IF in serum (17) . Additionally, natural killer cell activity, reported in 5-day-old mice, was stimulated 1 day after injection of an IF inducer (13) . Enhanced natural killer cell activity after administration of 103 to 106 U of IF to adult mice has also been reported (20) .
Low doses of IF have been associated with immune enhancement. Sonnenfeld and co-workers (21) showed that 104 U of type I IF induced increased numbers of anti-sheep erythrocyte plaque-forming cells in the spleens of treated adult mice, whereas 105 U was immunosuppressive. Injection of newborn mice with 12.8 U of IF resulted in augmented numbers of anti-sheep erythrocyte plaque-forming cells in the spleen (24) . In vitro studies have shown that IF, in doses ranging from 10 to 104 U, generates natural killer cell activity in cultures of murine spleen cells within the first 24 h (4).
Our histopathological observations and blastogenic assays indicate that administration of a small quantity of IF induces changes in the lymphocyte populations of the spleen accompanied by increased uptake of [3H]TdR which may be responsible for the limitation of viral replication in the organs examined. These observations may reflect enhanced lymphocyte cytotoxicity as a mechanism that is responsible for the protection afforded. The data suggest a possible effective prophylactic role for IF as a potentiator of immunity to modulate viral infections, particularly those which may be acquired as natal infections.
